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A  B  S  TRACT 


An  oceanographic  survey  was  conducted  at  Eniwetok 
during  October  1957 .  This  report  presents  the  general 

ORGANIZATION  OF  THE  SURVEY  AND  THE  RESULTS  OF  THE 
BATHYMETRIC  AND  OFFSHORE  OCEAN  CURRENT  PHASES .  CHARTS 
COVERING  RESULTS  OF  BOTH  PHASES  ARE  INCLUDED .  THE 
OFFSHORE  BATHYMETRIC  WORK  ON  THE  SOUTHWEST  SEAWARD  SIDE 
OF  THE  ATOLL  REEF  SHOWED  A  SMOOTH ,  STEEPLY  SLOPING 
BOTTOM .  THE  LAGOON  BATHYMETRIC  WORK  SHOWED  MANY  CORAL 
HEADS  ON  A  GENERALLY  FLAT  BOTTOM .  THE  OCEAN  CURRENT 
SURVEY  REVEALED  A  VERY  COMPLICATED  FLOW  PATTERN  ON  THE 
LEE  SIDE  OF  ENIWETOK  ATOLL . 

Results  of  the  seismic  and  oceanographic  work  will 

BE  PUBLISHED  SEPARATELY  BY  THE  IllNE  DEFENSE  LABORATORY 

and  the  Pacific  Oceanic  Fishery  Investigations  respect¬ 


ively. 
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INTRODUCTION 


During  the  month  of  September  and  October  1957  an 

OCEANOGRAPHIC  SURVEY  WAS  CONDUCTED  IN  THE  VICINITY  OF 
THE  ENIWETOK  ATOLL  IN  THE  MARSHALL  ISLANDS .  THE  GENERAL 
OUTLINE  OF  THE  ENIWETOK  AREA  IS  SHOWN  ON  CHART  7. 

The  main  tasks  of  this  survey,  in  order  of  their 
PRIORITY  were: 

I ♦  Ba thyme tric  surveys: 

A .  A  SURVEY  OF  AN  AREA  ON  THE  SOUTHWESTERN 
SEAWARD  SLOPE  OF  THE  ATOLL • 

B.  A  DETAILED  SURVEY  OF  A  SMALL  AREA  INSIDE 
THE  LAGOON. 

c.  Exploratory  lines  in  a  general  north¬ 
easterly  DIRECTION  ACROSS  THE  LAGOON 
FROM  THE  LAGOON  AREA • 

2 •  A  SEISMIC  SURVEY  TO  MEASURE  BOTTOM  REFLECTION 
COEFFICIENTS  AND  REFRACTION  VELOCITIES . 

3.  An  offshore  current  survey  to  study  the  deep 

OCEAN  CURRENTS  SOUTHWEST  OF  THE  ATOLL • 

4.  Collection  of  standard  physical  oceanographic 

AND  MARINE  BIOLOGICAL  DATA  IN  THE  AREAS  OF 


INTEREST • 


The  general  direction  and  organization  of  the 

EXPEDITION  WAS  THE  RESPONSIBILITY  OF  THE  COLUMBIA 

University  Geophysical  Field  Station  as  were  tasks 
I  and  3 . 

Task  2  was  the  responsibility  of  the  USN  Mine 
Defense  Laboratory,  Panama  City ,  Florida .  The  work 

WAS  CARRIED  OUT  BY  GEORGE  B .  DOWLING  AND  EDWARD  G. 

McLeroy  who  will  issue  a  separate  report  covering  the 
phase . 

Task  4  was  conducted  by  the  Pacific  Oceanic 
Fishery  Investigations  of  the  U.S.  Fish  and  Wild  Life 
Service .  This  work  was  carried  out  by  Herbert  H.  Shippen 
and  Robert  T .  B.  Iversen  who  will  report  this  phase 

SEPARA TELY . 

Mr.  J .  W .  Winchester ,  assisted  by  Fns.  T .  S.  Scott 

BOTH  OF  THE  OFFICE  OF  NAVAL  RESEARCH  (CODE  416)  WERE 
IN  CHARGE  OF  THE  ADMINISTRATIVE  ARRANGEMENTS  FOR  THE 
SURVEY  AS  WELL  AS  BEING  MEMBERS  OF  THE  SCIENTIFIC  PARTY . 

Mr.  A.  W.  Anderson  of  the  USN  Hydrographic  Office  took 

PART  IN  THE  SURVEY  GIVING  MUCH  ASSISTANCE  AND  ADVICE . 

The  research  ship  M/7  HUGH  M.  SMITH  was  chartered 
from  the  Pacific  Oceanic  Fishery  Investigations  for  the 
survey.  This  ship  was  a  very  fortunate  choice  with  many 
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ADVANTAGES •  FOREMOST  OF  THESE  WAS  THE  ENERGY  AND 
INTELLIGENCE  OF  THE  SHIP'S  COMPANY .  HER  MASTER ,  CAPT ♦ 
COLLINSON,  HER  OFFICERS  AND  HER  CREW  WERE  OF  INEST¬ 
IMABLE  ASSISTANCE  DURING  THE  SURVEY,  AND  WERE  AMONG 
THE  BEST  EVER  ENCOUNTERED  BY  THE  WRITERS  IN  THE  FIELD 
OF  MARINE  RESEARCH .  THE  SHIP  HAS  DISADVANTAGES  WHICH 
SHOULD  BE  NOTED .  THE  LACK  OF  A  GYRO  COMPASS  WITH  BRIDGE 
REPEATERS  AND  THE  LACK  OF  AN  ACCURATE  RADAR  MAKE  OFF¬ 
SHORE  POSITIONING  FOR  THE  DEEP  OCEAN  CURRENT  WORK  LESS 
PRECISE  THAN  DESIRABLE •  THE  SHIPfS  DEEP  WATER  ECHO 
SOUNDER  IS  NOISY  WHEN  RUNNING  UPWIND  AND  WILL  NOT  THEN 
RECORD  IN  DEPTHS  OVER  1500  FATHOMS . 

Essential  equipment  for  each  phase  of  the  survey 
WAS  shipped  from  the  home  bases  of  the  organizations 

CONCERNED •  NUCH  EQUIPMENT  WAS  ALSO  PROCURED  FROM  THE 

U.S .  Naval  Supply  Depot  and  Naval  Shipyard  at  Pearl 
Harbor,  and  from  POFI  in  Honolulu .  The  good  assistance 

OF  THESE  ORGANIZATIONS  WAS  MOST  HELPFUL ♦ 

The  AEG  Branch  Office  at  Eniwetok  and  their  con¬ 
tractors,  Holmes  and  Narver  Inc,  provided  services  in 
that  area  such  as  housing  personnel,  transportation 
within  the  atoll,  manufacture  of  special  equipment,  re¬ 
pairing  electronic  equipment  and  providing  a  small 
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SHIP  TO  FIRE  THE  SEISMIC  CHARGES ,  THE  ATOLL  COMMANDER 

PROVIDED  ASSISTANCE  IN  COMMUNICATIONS ,  WEATHER  DATA  AND 
A  HELICOPTER  FOR  TRANSPORT  OF  PERSONNEL .  ALL  THESE 
ORGANIZATIONS  FUNCTIONED  SMOOTHLY  AND  EFFICIENTLY ,  HAND¬ 
LING  ALL  THE  SURVEY 's  NEEDS  EXCELLENTLY ♦ 

The  azimuth  stations  were  erected  prior  to  the 
SMITH'S  arrival  in  the  Eniwetok  area  on  September  28th . 
The  SMITH  departed  that  area  on  October  I 9th.  A  large 

AMOUNT  OF  DATA  WAS  COLLECTED  IN  THIS  TIME  DUE  TO  THE 
ENTHUSIASTIC  COOPERATION  OF  ALL  THE  SCIENTISTS  AND 
SHIP'S  PERSONNEL . 

BATHYMETRY  TECHNIQUES: 

The  primary  task  of  the  survey  was  to  make  bathy¬ 
metric  CHARTS  OF  TWO  AREAS  NEAR  THE  SOUTHWEST  PORTION  OF 
THE  ATOLL •  THESE  WERE  CLOSE  TO  THE  ISLANDS  OF  GIRIINIEN 
AND  MUI,  AS  SHOWN  ON  CHART  7.  THESE  AREAS  WERE  SURVEYED 
DURING  THE  FIRST  WEEK  THE  PARTY  WAS  IN  THE  AREA •  THIS 
DATA  WAS  RE PLOT  TED  AND  CHARTS  PREPARED  AT  ENIWETOK  AND 
TURNED  OVER  TO  THE  ONR  REPRESENTATIVES  PRIOR  TO  THEIR 
DEPARTURE  FROM  ENIWETOK . 

In  general  the  techniques  employed  for  both  areas 

WERE  SIMILAR •  SHIP  POSITIONING  WAS  DONE  FROM  THE  ISLANDS 
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OF  NUI  AND  GlRIINlENj  USING  AZIMUTH  INSTRUMENTS  (SEE 
REFERENCE  I)  LOCATED  OVER  THE  SECOND  ORDER  TRIANG ULA TI ON 

stations  HENRY  (Mui  Is.)  and  KEITH  (Giriinien  Is.). 

The  following  positions  of  these  stations  were  given  by 
the  Holmes  and  Narver  Engineering  Department: 

HENRY :  II<> 21 ' 20. 94-2 "N  1620 12' 17. 4-78  "E 

KEITH:  Iio 22 '34. 240  "N  162° 10 ' 02. 755 "E 

This  gave  an  accurate  base  length  of  about  3  miles  for 
the  ship  positioning.  TCS  radios  were  installed  at  the 
base  of  these  towers  with  remote  units  located  at  the 
top  of  the  towers  adjacent  to  the  azimuth  instruments. 
Adapters  were  made  up  to  place  the  azimuth  instruments 
directly  on  the  inner  Bilby  Tower.  These  azimuth 

INSTRUMENTS  READ  DIRECTLY  TO  0.01°.  THEY  HAVE  BEEN 
TESTED  AGAINST  THEODOLITE  MEASURED  ANGLES  IN  BERMUDA. 

They  are  accurate  to  within  ±  O.Olo  throughout  the  entire 
circle.  In  the  actual  surveyed  areas  the  WOP. ST  LINEAR 
error  of  a  line  of  position  is  approximately  ±  8  ft. 

A  Precision  Depth  Recorder  NK-5  or  PDR  was  used  as 

THE  RECORDER  FOR  THE  SMITH'S  AN/UQN-IB  DEEP  WATER  ECHO 

sounder.  This  echo  sounder  is  manufactured  by  the  EDO 
Corporation .  These  equipments  are  described  in  referenced 
2  and  3.  The  PDR  keyed  the  EDO  transmitter  and  recorded 
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THE  RETURN  ECHOES  FROM  THE  EDO  RECEIVER .  A  SHORT,  3 
MILLISECOND  TRANSMITTER  PING  WAS  USED  TO  PERMIT 
RESOLUTION  OF  TOPOGRAPHIC  HIGHLIGHTS  OR  CRESCENTS  (4). 

A  PING  REPETITION  RATE  OF  ONCE  PER  SECOND  WAS  USED  FOR 
ALL  DEPTHS .  THIS  LIMITED  THE  RECORDING  ON  THE  PDR  TO 
400  FATHOMS  AND  SUPERIMPOSED  ALL  ADDITIVE  400  FATHOM 
DEPTHS,  I.E.  122  FATHOMS,  522  FATHOMS,  922  FATHOMS,  ETC., 
ALL  RECORDED  AT  THE  SAME  PLACE  ON  THE  PDR  RECORD .  THIS 
EFFECT  IS  WELL  SHOWN  ON  FIGURE  2 .  If  ONE  WAS  UNCERTAIN 
ABOUT  THE  ACTUAL  DEPTH  IT  COULD  BE  CHECKED  BY  SWITCHING 
THE  ECHO  SOUNDER  BACK  TO  STANDARD  EDO  OPERATION .  THE 
PDR  CHART  RECORD  SPEED  OF  96"  PER  HOUR  WAS  USED .  THIS 
COMBINED  WITH  THE  ONE  SECOND  PULSE  RATE  GAVE  EXCELLENT 
RECORDS  ON  EVEN  THE  STEEPEST  SLOPING  BOTTOMS .  THE 

VERTICAL  EXAGGERATION  OF  THE  BOTTOM  SLOPE  ON  THE  PDR 
CHART  RECORD  VARIED  FROM  3.4:1  TO  5:1  DEPENDING  ON  SHIPS 

speed .  The  PDR  record  was  indexed  on  each  position  "mark" 

NORMALLY  EVERY  30  SECONDS,  AND  ANNOTATED  ON  EVERY  "TIME 
CHECK  MARK "  NORMALLY  MADE  EVERY  3  OR  5  MINUTES .  THE  TWO 
OBSERVING  STATIONS  TOOK  BEARINGS  ON  "MARKS"  BROADCAST  BY 
THE  SMITH'S  RADIO,  RECORDED  THEM  AND  IMMEDIATELY  TRANS¬ 
MITTED  THE  BEARINGS  TO  THE  SMITH .  A  RUNNING  PLOT  WAS  MAIN¬ 
TAINED  ON  BOARD  THE  SMITH  MAKING  IT  POSSIBLE  TO  IMMEDIATELY 


ADJUST  THE  SHIPS  COURSE  TO  APPROXIMATE  THE  DESIRED  SOUNDING 


LINES .  The  running  plot  was  made  on  previously  pre¬ 

pared  CHARTS  ON  WHICH  AZIMUTHS  FROM  EACH  STATION  WERE 

drawn «  The  SMITH  holds  course  well  and  has  a  good 

AUTOMATIC  STEERING  SYSTEM .  THIS  MADE  IT  POSSIBLE  TO 
RUN  PLANNED  SOUNDING  LINES  WITH  ONLY  VERY  MINOR  COURSE 
ADJUSTMENTS  AFTER  SET  AND  DRIFT  HAL  BEEN  PREVIOUSLY 
ESTIMATED .  ALSO  OF  ADVANTAGE  FOR  THE  SHALLOW  WATER 
SOUNDING  WORK  WERE  THE  FULL  WHEELHOUSE  ENGINE  ROOM  CON¬ 
TROLS  WHICH  R.ESUL  TED  IN  A  WILLINGNESS  ON  THE  PART  OF  THE 
SMITH'S  SKIPPER,  TO  EASE  INTO  UNKNOWN  WATER* 

SEAWARD  BATHYMETRIC  SURVEY : 

In  THE  SEAWARD  AREA  WHERE  DEPTHS  RANGED  FROM  100 
TO  800  FATHOMS  A  BATHYMETRIC  MAP  WAS  REQUIRED  FROM  WHICH 
THE  ACTUAL  BOTTOM  TOPOGRAPHY  COULD  BE  COMPUTED ,  SOUNDING 
LINES  WERE  RUN  IN  THIS  AREA  ON  1)00  '  CENTERS  WITHOUT 
DIFFICULTY .  CROSS  CHECK  LINES  WERE  RUN  ON  24:00'  CENTERS . 

This  data  was  replotted  on  Chart  I  showing  indicated 

BOTTOM  CONTOURS  EVERY  20  FATHOMS •  A  TABLE  OF  DEPTH 
cofjrections  is  included  in  this  chart .  These  corrections 

INCLUDE  TRANSDUCER  DEPTH  (  2  FATHOMS),  SEA  WATER  SOUND 
VELOCITY  CORRECTION  OBTAINED  FROM  REFERENCE  5  AND  A 
CORRECTION  FOR  THE  SLOPING  BOTTOM •  The  LATTER  CORRECTION 
WAS  COMPUTED  GRAPHICALLY  USING  THE  METHODS  DESCRIBED  IN 
REFERENCES  6  AND  7.  FIGURE  I  SHOWS  THE  SOUNDING  RECORD 
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FROM  TWO  OF  THESE  SOUNDING  LINES .  The  REFERENCE  LETTERS 
HAVE  BEEN  MARKED  ON  CHART  I*  FIGURES  2  AND  3  SHOW  THE 
SOUNDING  RECORDS  ON  TWO  OF  THE  CROSS  CHECK  LINES .  In  ALL 

THREE  OF  THESE  FIGURES  A  SURFACE  SCATTERING  LAYER  WAS 
RECORDED ,  LOCATED  AT  ABOUT  100  FATHOMS .  THE  SMOOTHNESS 

OF  THE  BOTTOM  IS  INDICATED  BY  THE  LACK  OF  HIGHLIGHT  ECHOES , 
I.E .  ONLY  THE  FIRST  RETURN  IS  SHARP .  FlNF.R  DETAIL  OF  SUCH 
SMOOTH  SLOPING  BOTTOM  TOPOGRAPHY  COULD  ONLY  BE  OBTAINED 
WITH  A  SUBMERGED  TRANSDUCER . 


LA  GOON  BATHYMETRIC  SURVEY: 


The  LACOON  AREA  has  an  average  water  DEPTH  OF 
SLIGHTLY  OVER  20  FATHOMS  WITH  NUMEROUS  CORAL  HEADS  RISING 
TO  LESSER  DEPTHS .  REASONABLE  COVERAGE  OF  THE  DETAILED 
BATHYMETRY  OF  THIS  AREA  WAS  REQUIRED ♦  To  GET  THIS  COVERAGE 

SOUNDING  LINES  WERE  RUN  ON  100 1  SPACING S.  THIS  SPACING 
PROVED  TO  BE  DIFFICULT  TO  MAINTAIN .  ' HOLIDAYS  '  (DEFINED 

AS  AREAS  WHERE  THE  SEPARATION  BETWEEN  ACTUAL  SOUNDING 
LINES  RUN  WAS  GREATER  THAN  I. 5  TIMES  THE  PLANNED  SEPARATION) 
WERE  ELIMINATED  BY  DECREASING  THE  SHIP  FIX  INTERVAL  TO  15 
SECONDS  AND  COMMENCING  THE  'HOLIDAY  1  LINES  A  GOOD  DISTANCE 
OUTSIDE  THE  AREA .  SEVERAL  EXTRA  LINES  ON  NORTHEASTERLY 
AND  SOUTHWESTERLY  HEADINGS  WERE  RUN  ON  ABOUT  400'  CENTERS 
OUTSIDE  THE  AREA «  SEVERAL  CROSS  CHECK  LINES  WERE  ALSO  RUN . 


He 

o  jo* 
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The  lagoon  sounding  data  shown  on  Chart  2  was 

CORRECTED  TO  MEAN  LOW  WATER  AND  FOR  TRANSDUCER  DEPTH ♦ 

Chart  3  was  prepared  to  show  the  location  of  the  larger 

CORAL  HEADS •  The  SOUNDING  LINES  REPRODUCED  IN  FIGURE  4 

ARE  APPROXIMATELY  20%  OF  THE  TOTAL  RUN .  THIS  LAGOON 
SOUNDING  WORK  WAS  COMMENCED  ON  THE  EDO  RECORDER  BUT 
CHANGED  TO  THE  PDR  WHEN  IT  WAS  DEMONSTRATED  THAT  THE  PDR 
RECORD  GAVE  CLEARER  DATA •  In  FIGURE  4  THE  SOUNDING 
RECORDS  SHOWN  ARE  ARRANGED  WITH  THE  MOST  NORTHEASTERLY 
LINES  AT  THE  TOP . 

EXPLORATORY  LINES: 

Exploratory  lines  were  run  from  the  center  of  the 

LAGOON  AREA  ON  A  COURSE  OF  ABOUT -068°  FOR  6  MILES •  THE 
PURPOSE  OF  THESE  LINES  WAS  TO  GIVE  A  GENERAL  PICTURE  OF 
THE  BOTTOM  ALONG  THIS  BEARING .  In  ORDER  TO  DETERMINE 
THE  COMPLETE  BOTTOM  CONFIGURATION  OF  THIS  AREA  A  MUCH 
MORE  INVOLVED  AND  LENGTHY  SURVEY  WOULD  BE  REQUIRED • 

Ship  position  control  for  these  exploratory  lines  was 

BY  HORIZONTAL  SEXTANT  ANGLES  USING  THE  APPROPRIATE  3  OF 
5  PERMANENTLY  INSTALLED  OBJECTS  ON  THE  BEACH  AS  TARGETS  (8). 

Their  second  order  survey  locations  were  given  by  the 
Holmes  and  Narver  Engineering  Department  as  follows: 
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Island 


Name  : 

Location 

Deg. 

Min. 

Sec . 

Description . 

RADAR 

En I  WET  ok  Is. 

Iio 

20 ' 

29.  0"N 

Orange  red 
Ra  dar 

162° 

19  ' 

48.9  "E 

To  WER 

TOWER 

Parry  Is. 

Iio 

21 ' 

II. I nN 

125 '  silver 

COLORED 

162° 

22 9 

43. 9  "E 

Observa  tion 
Tower . 

GLEN 

Igurin  Is. 

11° 

20' 

54. 2  "N 

50  FT. 

Bilby 

162° 

13' 

50.  7  "E 

Tower 

HENRY 

Mu i  Is. 

11° 

21' 

20. 9  "M 

50  FT. 

Bilby 

162° 

12' 

17. 5  "E 

Tower 

WATER 

En I WET OK  Is. 

11° 

21' 

24. 3" N 

Bla  ck 

WATER 

162° 

20' 

56. 4  "E 

TANKS . 
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Due  to  the  lack  of  time  and  the  inexperience  of  the 

PERSONNEL  WITH  THE  HORIZONTAL  SEXTANT  ANGLE  TECHNIQUES 
USED ,  ONLY  TWO  OF  THE  LINES  RUN  HAD  ACCEPTABLE  SHIP 
POSITION  FIXES . 

An  attempt  was  made  to  run  these  lines  on  a 

STRAIGHT  COURSE,  BUT  WATER  DISCOLORATIONS  AND  INDICATIONS 
OF  CORAL  HEADS  ON  THE  BOTTOM  MADE  IT  PRUDENT  AT  TIMES  TO 
DEVIATE  from  the  straight  lines .  In  ADDITION  TO  THE  TWO 
sextant  angles  required  for  each  fix  a  third  sextant 

ANGLE ,  THE  TOTAL  ANGLE  FROM  THE  LEFT  TO  THE  RIGHT  OBJECT, 
WAS  TAKEN  AND  RECORDED  TO  TEST  THE  ACCURACY  OF  THE  TWO 

standard  sextant  angles .  On  the  two  lines  shown  on  Chart 
4  THIS  ERROR  SELDOM  EXCEEDED  4  MINUTES  OF  ARC . 

Figures  5  and  6  are  reproductions  of  the  sounding 

RECORDS  OF  THESE  TWO  EXPLORATORY  LINES .  EACH  SHIP  FIX 
IS  PLOTTED  ON  CHART  4 .  ANNOTATED  ON  THE  SOUNDING  RECORDS 
AT  EACH  FIX  ARE  THE  LEFT,  RIGHT  AND  TOTAL  ANGLES  AS  WELL 
AS  THE  TIME  OF  FIX .  THE  RECORDS  IN  FIGURES  5  AND  6  MAY 
THUS  BE  CORRELATED  WITH  THE  SHIP  TRACKS  ON  CHART  4 .  THE 
HORIZONTAL  LINES  ON  THE  RECORDS  OF  FIGURES  5  AND  6  ARE 
20  FATHOM  MARKERS.  The  SOUNDINGS  ARE  UNCORRECTED  IN  THESE 
FIGURES.  The  interest  in  these  lines  was  bottom  config¬ 
uration  RATHER  THAU  EXACT  TOTAL  DEPTH.  THE  OTHER  LINES 


RUN  IN  THIS  GENERAL  AREA  GAVE  SIMILAR  SOUNDING  RECORDS 


TO  THOSE  SHOWN  IN  FIGURES  5  AND  6.  In  THE  OPINION  OF 
THE  WRITERS ,  INFLUENCED  BY  VISUAL  OBSERVATIONS  FROM 
HELICOPTERS ,  IT  WOULD  BE  VERY  DIFFICULT  TO  LAY  DOWN  A 
STRAIGHT  COURSE  ON  ANY  AZIMUTH  FROM  THE  SURVEYED  LAGOON 
AREA  WHICH  WOULD  NOT  GIVE  THE  SAME  SORT  OF  BOTTOM . 
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OFFSHORE  CURRENT  SURVEY : 

The  offshore  current  survey  was  made  to  evaluate 

THE  GROSS  WATER  MOVEMENT  SOUTHWEST  OF  THE  ATOLL . 

Over- a ge  standard  aircraft  personnel  parachutes 
WERE  USED  AS  DROGUES  (9  AND  10)  TO  STUDY  THE  WATER  MOVE¬ 
MENT  at  various  depths .  Suspensions  of  20',  200 '  400' 

AND  ABOUT  2000'  WERE  USED  TO  PLACE  THE  WEIGHTED  PARA¬ 
CHUTES  NEAR  THE  WATER  SURFACE ,  IN  THE  MIXED  LAYER,  BELOW 
THE  MIXED  LAYER  AND  IN  DEEP  WATER .  A  DETAILED  DESCRIP¬ 
TION  OF  THE  DROGUE  IS  GIVEN  IN  TABLE  I.  REQUIREMENTS 
FOR  EASE  OF  SETTING  THE  DROGUE  AND  DROGUE  RELIABILITY 
DURING  THE  SHORT  AVAILABILITY  OF  THE  SMITH  AT  LNIWETOK 
NECESSITATED  USE  OF  MANILA  SIX  THREAD  FOR  THE  SUSPENSION 
BETWEEN  PARACHUTE  AND  SURFACE  FLOAT .  THE  ONE  EXCEPTION 
WAS  DEEP  DROGUE  2  USING  A  3/32n  WIRE  ROPE  SUSPENSION . 

Oil  drums  were  used  for  the  surface  floats .  Except  for 

THE  TWO  DEEP  DROGUES  G  AND  H  WITH  SIX  THREAD  SUSPENSIONS , 
THE  ERROR  IN  THE  SUB-SURFACE  CURRENT  VELOCITY  AS  INDICATED 
BY  THE  SURFACE  FLOAT,  DUE  TO  THE  DRAG  OF  THE  UPPER  WATER 
LAYERS  ON  THE  SUSPENSION  AND  ON  THE  SURFACE  FLOAT,  WAS 
BELOW  10%  (10). 

Drogue  track  plots  are  shown  in  Charts  5,  5a- 5g  and 
6.  Azimuth  station  tracking  of  drogues  was  possible  when 
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THESE  STATIONS  WERE  MANNED  BETWEEN  THE  HOURS  0800  TO 
1600  AS  DETERMINED  BY  THE  HELICOPTER  PERSONNEL  TRANS¬ 
PORTATION  SCHEDULES •  The  HIGH  ACCURACY  OF  THE  AZIMUTH 
STATION  BEARINGS  PROVIDED  THE  PRECISE  SIMULTANEOUS 
DROGUE  TRACKS  SHOWN  ON  CHART  6 .  OFFSHORE  DROGUE 
POSITIONS  AND  ALL  DROGUE  POSITIONS  WHEN  THE  AZIMUTH 
STATIONS  WERE  NOT  MANNED  WERE  DETERMINED  BY  THE  SUITE'S 
NAVIGATION  RELATIVE  TO  THE  ATOLL •  MAGNETIC  COMPASS 
BEARINGS  ACCURATE  TO  PERHAPS  lt°  AND  RADAR  RANGES 
ACCURATE  TO  £  MILE  WITHIN  8  MILES  OF  THE  ATOLL  AND  TO 
I  MILE  AT  GREATER  RANGES  WERE  USED • 

While  the  drogue  tracks  confirm  the  general  westerly 

CURRENT  FOUND  BY  REFERENCE  9  THE  CURRENT  STRUCTURE  CLOSE 
TO  THE  ATOLL  WAS  CONFUSED  AND  IN  MANY  CASES  CONTRADICTORY . 

The  data  seems  to  indicate  the  presence  of  large  variable 

BACK  EDDIES •  THESE  VARIATIONS  COULD  NOT  BE  CORRELATED 
WITH  WEATHER  OR  TIDES ,  In  SEVERAL  CASES  DROGUES  WHICH 
WERE  LAUNCHED  IN  THE  SEAWARD  AREA  OF  DIRECT  INTEREST  WERE 
STILL  IN  THE  SAME  GENERAL  AREA  A  DAY  LATER . 

The  surface  drogue  "I"  and  the  200  foot  drogue  "J" 

LAUNCHED  SIMULTANEOUSLY  ON  3  OCTOBER  IN  THE  SEAWARD  AREA 
ARE  OF  PARTICULAR  INTEREST  *  ThEIR  TRACKS  IN  DETAIL  ARE 

shown  on  Chart  6 ♦  The  surface  drogue  "I”  moved  north¬ 
westerly  ALONG  THE  REEF  OF  THE  ATOLL ,  SEE  ALSO  CHART  5f. 
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ThE  200  FOOT  DROGUE  " J ”  HOWEVER,  AFTER  STARTING  IN  A 
SIMILAR  DIRECTION  AT  A  LOWER  VELOCITY  TURNED  SOUTH • 

The  surface  drogue  ”4”,  200 9  drogue  "6”,  and  the 
400 1  DROGUE  "7"  LAUNCHED  CLOSE  TOGETHER  ON  THE  MORNING 
OF  THE  I 5TH  OF  OCTOBER  IN  THE  SEAWARD  AREA  PRESENT  A 
SIMILAR  CONFUSED  PICTURE  AS  SHOWN  ON  CHART  6.  THE 
200 1  DROGUE  ”6"  MOVED  IN  A  GENERAL  SOUTHWESTERLY 
DIRECTION  THROUGHOUT  THE  15th .  THIS  SOUTHWESTERLY 

MOVEMENT  WAS  PARALLELED  BY  THE  200 1  DROGUE  "3"  SET 
FURTHER  OFFSHORE  A  FEW  HOURS  LATER ,  SEE  CHART  5b  .  The 
SURFACE  DROGUE  "4”  AFTER  STARTING  TO  THE  NORTHWEST 
REVERSED  AND  MOVED  SOUTHEAST  DURING  THE  AFTERNOON ,  THEN 
THROUGHOUT  THE  NIGHT  MOVED  IN  A  SOUTHERLY  DIRECTION . 

During  the  day  of  the  I6th  surface  ”4"  generally  repeated 

THIS  REVERSAL  AND  SOUTHERLY  MOVEMENT •  SURFACE  DROGUE  "5" 
SET  FURTHER  OFFSHORE  ON  THE  AFTERNOON  OF  THE  I5TH  SHOWED 
FIRST  A  SOUTHERLY  MOTION  AND  THEN  MOVED  SOUTHWESTERLY 
THROUGH  THE  SAME  AREA  IN  WHICH  SURFACE  DROGUE  " 4 "  MOVED 
NORTHEASTERLY  THE  NEXT  AFTERNOON .  The  400 9  DROGUES  OF 
THIS  SET ,  "I”  AND  ”7”,  MOVED  GENERALLY  SOUTHWESTERLY 

EXCEPT  THAT  THE  CLOSE  INSHORE  DROGUE  " 7 "  MOVED  SOUTHERLY 
OFFSHORE  FOR  A  FEW  HOURS  AND  THEN  TURNED  SOUTHWESTERLY 


AGAIN . 
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A  STUDY  OF  CHARTS  5a-5g  AND  6  SHOWS  THE  COMPLICATED 
CURRENT  PATTERN  NEAR  THE  ATOLL *  THE  TIDAL  DATA  IS  SHOWN 

on  Chart  5a *  The  wind  data  is  shown  adjacent  to  each 

DROGUE  TRACK  AND  ON  TABLE  2 *  THERE  IS  NO  OBVIOUS  CORREL¬ 
ATION  OF  DROGUE  MOVEMENT  TO  WIND  OR  TIDAL  DATA *  BATHY¬ 
THERMOGRAPHS  TAKEN  ON  THE  I2tH ,  I3TH,  I6TH  AND  17 TH 

SHOW  NO  SIGNIFICANT  DIFFERENCE * 

In  summary  it  appears  that  there  exists  to  the  lee 

SIDE  OF  EnIWETOK  A  SERIES  OF  LARGE  VARIABLE  EDDIES  FOR 
WHICH  NO  PRECISE  PREDICTIONS  MAY  BE  MADE  WITHOUT  FURTHER 
STUDY *  IN  SOME  CASES  WATER  MAY  BE  EXPECTED  TO  STAY  IN 
THE  AREA  FOR  PERIODS  EXCEEDING  A  DAY  BEFORE  MOVING  INTO 
THE  GENERAL  WESTERLY  CIRCULATION* 

The  Columbia  University  Geophysical  Field  Station , 
St*  David  rs,  Bermuda ,  plan  to  carry  out  further  drogue 
current  measurements  at  Bermuda  during  1958  to  study  this 
EDDY  EFFECT  AROUND  AN  ISLAND*  A  20  MILE  LINE  OF  20 
IDENTICAL  DROGUES  WILL  BE  SET  " UP  STREAM "  FROM  BERMUDA 
AND  THEN  TRACKED  IN  DETAIL  AS  THEY  MOVE  DOWN  TOWARD  AND 


PAST  THE  ISLAND* 
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LIST  OF  FIGURES 


Figure  No: 


1.  Two  SOUNDING  LINES  IN  THE  SEAWARD  AREA . 

Line  H-G  is  17,300  feet  long,  water  depth 

IS  ABOUT  600  FATHOMS  AND  THE  VERTICAL 
EXAGGERATION  IS  3.4:1.  THE  RETURN  INDI¬ 
CATED  AT  500  FATHOMS  IS  ACTUALLY  A  SCATTER¬ 
ING  LAYER  AT  100  FATHOMS.  LlNE  F-E  IS 
16, 500 1  LONG,  WATER  DEPTH  IS  ABOUT  440 
FATHOMS  AND  THE  VERTICAL  EXAGGERATION  IS 

4:1. 

2.  Cross  check  sounding  line  DC  in  the  sea¬ 
ward  AREA  IS  11,000  FEET  LONG  WITH  A 
VERTICAL  EXAGGERATION  OF  5:1.  NOTE  THE 
ALMOST  COMPLETE  ABSENCE  OF  HIGHLIGHTS 
INDICATING  A  SMOOTH  BOTTOM. 

3.  Cross  check  sounding  line  B-A  in  the  sea¬ 
ward  AREA  IS  11,500  FEET  LONG  WITH  A 
VERTICAL  EXAGGERATION  OF  4.5:1. 

4.  Lagoon  area  sounding  lines.  These  were 
run  on  SE  or  NW  headings.  The  top  two  are 
EDO  soundings  with  a  vertical  exaggeration 
of  5.5:1.  The  remainder  are  PDR  soundings 
WITH  A  VERTICAL  EXAGGERATION  OF  3.75:1. 

The  location  of  the  lines  is  shown  on  Chart  3. 
The  line  drawn  through  the  center  of  all  the 
TRACES  INDICATED  THE  PLACE  WHERE  THE  SMITH 
WAS  030°  TRUE  FROM  STATION  HENRY. 

5.  -  6.  REPRODUCTIONS  OF  SOUNDING  RECORDS  OF  TWO  EXPLORATORY 

SOUNDING  LINES. 
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Chart  No: 


I. 


2. 

2. 


4. 

5. 

5a 

5b 

5c 

5d 

5e 

5f 

5g 

6. 
7. 


NOTE: 


LIST  OF  CHARTS 


Echo  Sounding  Chart  Southwest  Slope 
En i wet  ok  Atoll  -  indicating  sounding 
LINES  SHOWN  ON  FIGURES  I ,  2  AND  2. 

Echo  Sounding  Chart  -  Eniwetok  Lagoon  Area . 

Coral  Head  Chart  Eniwetok  Lagoon  Area  - 
indicating  Sounding  Lines  shown  on 
Figure  4. 

Exploratory  Sounding  Lines  Eniwetok  Atoll . 
Composite  of  Drogue  Tracks 

Surface  Drogue  Tracks  -  including  tide  data . 
200 1  Drogue  Tra cks 
400 1  Drogue  Tracks 
Deep  Drogue  Tracks 

Drogue  Tracks  -  September  29  -  October  L. 
Drogue  Tracks  -  October  2-4. 

Drogue  Tracks  -  October  15-17. 

Precision  Inshore  Drogue  Tracks. 

General  outline  Eniwetok  Atoll  -  showing 

SOUNDING  AREAS. 


Charts  1  through  6  in  separate  envelope 


Table  I. 


Drogue  Descriptions 

Drogue  Described  Suspension  Parachute 


Design a tion 

Depth. 

WEIGHT . 

A 

•> 

400' 

400  'M 

50' G 

3'Q 

3  -  I5D 

75  LB. 

B 

200 ' 

200  'N 

3'B 

3  -  I5D 

75  LB. 

C 

• 

2400' 

2400 ’ll 

50 'G 

3 'BO 

55D 

75  LB. 

E 

Y 

200' 

200  'M 

50' G 

55D 

50  LB. 

F 

A 

400' 

400  ’N 

50' G 

55D 

50  LB. 

G 

<• 

SURFACE 

6  FATHOM  OF  FISH 
SMALL  FLOATS  AND 

BOTTOM  EDGES . 

NET  I  FATHOM  WIDE 
WEIGHTS  ALONG  TOP 

WITH 

AND 

H 

X 

2400' 

2400  ’M 

50 'G 

3'B 

55D 

75  LB. 

I 

S  UR  FA  CE 

20 'C 

I5D 

50  LB. 

J 

hi 

200' 

200  ’M 

50'  G 

55D 

75  LB. 

I. 

e 

400' 

400  ’N 

50' C 

55D 

75  LB. 

2. 

2000' 

100  ’M 
2000 ’ 

60' G 

3/32 "  BT  wire 

55D 

ROPE . 

100  LB. 

3. 

/C\ 

200 ' 

200  ’M 

50 'G 

55D 

75  LB. 

4. 

0 

SURFACE 

20’  C 

I5D 

25  LB. 

5. 

4- 

SURF  A  CE 

20 ’C 

I5D 

25  LB. 

5. 

A 

200' 

200  'M 

50'  C 

55D 

50  LB. 

7. 

B 

400' 

400  ’N 

50' G 

55D 

50  LB. 

M  -  l/4"  MANILA  LINE ,  SIX  THREAD . 

C  -  1/4"  GALVD.  CHAIN  WEIGHING  3 / 4LE / FT . 


3'B  -  3 '  diameter  wooden  baffle  at  depth  50  feet « 

3 'BO  -  "  "  "  "  with 

BUOYANT  oxygen  tank . 

3-I5D  three  15  gallon  oil  drums . 

55D  55  gallon  oil  drum . 

I5D  15  gallon  oil  drum . 
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